Presence in the well nourished animal of reserves of protein or protein-building materials was suggested by Morawitz (25) and has been repeatedly demonstrated in this laboratory and others (3, 23) . Under a variety of experimental conditions ineluding acute plasmapheresis (31) such reserves are mobilized into the plasma during the correction of hypoproteinemia. Whipple and others have shown that plasma proteins are utilized by the protein-fasting dog to support cellular metabolism and maintain nitrogen balance (12) . The concept of a dynamic equilibrium between 515 ~16 ~LECTROPIIOI~ETIC STUDIIES ON PLASMA PROTEIN M~TA.BOLIS~ tissue reserves on the one hand and plasma proteins on the other has been formulated to explain such observations (23, 34, 35) . This concept pictures cellular protein as consisting, in a physiological sense, of three portions--an indispensable fraction, a dispensable fraction, and a labile fraction (34) . The latter portion is believed to represent a readily available source of needed plasma protein in the hypoproteinemic animal. Operation of this equilibrium and the draining and replenishment of dispensable fractions have been frequently observed in this laboratory (23) . Rittenberg, Schoenheimer, and others (27, 28) have reported excellent evidence for the rapid interchange of tissue and plasma proteins, and have found varying planes of metabolic activity among body proteins. Some information is available regarding the size of reserve stores. Madden and Whipple (23) in reviewing their data, find that the tissues of a fasting dog may furnish to the plasma in acute depletion an amount of protein equal to 40 to 60 per cent of the original eirculating protein. In more prolonged depletion experiments they find evidence that the total reserve stores comprise a pool from which may be formed a quantity of plasma protein equal to one or two times that normally circulating in a well nourished dog. Cutting and Cutter (6) have found that the acutely depleted fasting rat may regenerate 40 per cent of its plasma proteins in 12 hours or less.
Little is known, however, concerning the chemical nature of tissue reserves. In anesthetized dogs subjected to hemorrhagic shock, Ebert, Stead, and others (8) were unable to find evidence of a store of preformed reserve plasma protein. Madden and Whipple (23) have suggested that the rate of restoration of plasma proteins following acute depletion (31) indicates that the greater bulk of the reserve does not exist as preformed plasma protein nor as material more easily converted into plasma protein than orally ingested protein. They find some evidence to indicate that the reserve may yield albumin, as determined by Howe's method of fractionation, in slightly greater abundance than globulin, perhaps 10 per cent greater. Borsook and Keighley (4) in a review of their own and other data, however, concluded that reserves of nitrogenous materials exist as preformed protein of some sort. Little succes~ has been met in attempts to distinguish by chemical means a tissue protein or proteins which might enjoy a distinctive position as reserve or stored protein. Luck (21) in reviewing considerable data on the fractionation of liver proteins, finds that either no single protein in the liver enjoys exclusively the status of a storage protein or that a sutficieraly labile balance exists among liver proteins to overcome quickly by conversion of one protein into others any disturbance of equilibrimn.
Use of the electrophoretic apparatus of Tiselius (33) as modified and adapted by Longsworth (16, 17) has proved valuable in studying alterations in the blood proteins in a number of disease states (10, 11, 18, 20) . The present experiments have been undertaken primarily to study the utilization of tissue reserves and of dietary protein in the correction of acute hypoproteinemia. Such simple experimental procedures may, however, prove helpful in interpreting the complex electrophoretic changes in plasma proteins in various pathological conditions.
It must be emphasized that electrophoresis identifies proteins or groups of proteins and protein-bound materials only in relation to their mobilities in an electric field and gives information concerning their concentrations only as a function of their specific refractive increments (15) . There is good reason to believe, however, that the gentler process of electrophoresis may identify protein fractions of less artificial nature than those isolated by the more drastic chemical fractionations (33) . The physiological significance of plasma fractions of known electrophoretic composition is at present being intensively studied by Cohn and his associates (5) and is already perhaps better understood than is that of the various fractions which can be separated by the usual salt precipitation methods.
General Methods
All dogs were adult animals which were protected against distemper by the Laidlaw-Duncan vaccine. Preceding the experiments, unless otherwise noted in the individual experimental histories, the dogs received a kennel diet consisting of table scraps to which a supplement of cooked liver was added. On the day of the acute depletion procedure, a suspension of red cells in modified Locke's solution (22) was prepared, with precautions for asepsis, by centrifuging and siphoning the plasma from the eitrated blood of large donor dogs. It was not found necessary to wash the red cells before suspension, since the protein content of supernatant fluid from centrifuged samples of unwashed red cell suspensions was found to average only about 50 rag. per cent. The hematocrit value of this suspension was adjusted to approximately 55 volumes per cent.
The experimental dogs were fasted for at least 12 hours before plasmapheresis. The femoral artery and vein were cannulated under local anesthesia, using precautions for asepsis. Large calibre glass cannulas were used. A slow drip of sterile normal saline was introduced by gravity into the venous cannula while the arterial cannula was inserted. An initial sample of about 45 cc. of blood was then collected from the artery. Arterial blood was then permitted to run freely from the cannula and collected in large flasks calibrated at 50 cc. intervals. Simultaneously the red cell-Locke's suspension was run into the venous cannula from a similarly calibrated bottle under pressure from a bulb syringe. Rates of bleeding and infusion were so adjusted that the blood removed and the suspension introduced were at all times within 25 cc. of equality. The total bleeding varied from 50 to 190 per cent of the blood volume as indicated in the experimental histories, and was determined by the apparent conclifton of the dog, being discontinued with the appearance of any sign of shock. Bleeding time varied from 7 to 32 minutes. Either at the end of the exchange or 5 minutes afterward a 45 cc. sample was collected separately from the arterial cannula for analysis. The artery and vein were then ligated and the wound closed with silk sutures, a little sulfadiazine powder being introduced. The dogs were then placed in metabolism cages and given water ad libitum. All subsequent blood samples, usually about 45 cc., were drawn from the jugular vein without stasis, and after the first day were collected from 12 to 16 hours after feeding. Dried potassium oxalate in a concentration of 250 rag. per 100 cc. of whole blood was used as anticoagulant. Samples were usually allowed to stand for at least one-half hour at room temperature and were then centrifuged for 35 minutes at 3500 R.P.~. Aliquots of the plasma were taken for triplicate determination of total protein concentration, using 1 ec. samples. AI-bumin-globulin fractionation was performed by the method of Howe (14) . Non-protein nitrogen was determined by the method of Greenwald (26) and used for suitable correction of the protein concentrations. The conventional factor of 6.25 was used in the calculation of protein concentration from protein nitrogen values.
JElectrophorelic Methods.--Aliquots for electrophoresis were stored at 2°C. until analyzed, usually within 1 to 4 days. In all samples 1 volume of plasma was diluted with 1 volume of buffer. By the use of a Visldng sausage casing of su.flficient length to contain three times the volume of diluted plasma and by employing a mechanical rocker in the refrigerator, dialysis at 2°C. for 16 hours against 2 liters of veronal buffer of pH 8.5 and ionic strength 0.1 was found to bring the conductivity to an essentially constant level. Control experiments with different portions of the same plasma dialyzed without rocking for 48 and 60 hours showed no change in the electrophoretic patterns or in the mobflities of the components. To avoid errors due to volume changes during dialysis, the volumes before and after dialysis were compared. Longsworth (15) has discussed the advantages of using veronal buffer of pH 8.6 and ionic strength 0.1 for the electrophoresis of human plasmas, and has described the appearance of an additional alpha globulin, alpha 1, in human plasma at this pH. After trying various buffers, we find a similar veronal buffer most suitable for the electrophoresis of dog plasma. Our buffer, made up without special precautions, has a pH of 8.5-4-0.03. Using this buffer, the alpha 2 components of human plasma frequently show partial splitting, indicating that there are probably 3 alpha globulins in htmaan plasma. In normal dog plasma the alpha globulins occur in such low concentrations that the small density gradients render the peaks susceptible to minor electroosmotic eddies and slight convection disturbances. In the plasmas of hypoproteinemic dogs, the alpha peaks are larger, and it is often quite obvious that they are four in number. The fourth peak, however, is frequently very closely associated with the beta globulin, and if one prefers, the peak we call alpha 4 may be termed beta 1 and the next slower component beta 2.
Electrophoresis was carried out at I°C. in the standard 11 ml. single section Tiselius cell with a potential gradient of 6.8 volts per cm. The time was 3 hours. Patterns were photographed by the use of Longsworth's modification of the Toepler schlieren method (17). Photographic enlargements (X 2.2) were made of the plates and the areas of the peaks measured with a pianimeter. In the electrophoresis of dog plasma at this pH there is rather poor separation of the beta, fibrinogen, and gamma peaks. Although the separation of these components was often better in the ascending limb of the cell, the descending boundaries were used for purposes of measurement except in the case of the beta globulin, where the ascending boundary was measured in accordance with the suggestion of Moore and Lynn (24) . In separating the various peaks for measurement, perpendiculars were dropped to the base line from the points of inflection of the curves with the exception of the fibrinogen and gamma peaks. At the intersection of these two peaks, the slopes are so different that~this procedure would introduce a serious error. Hence the procedure of PederSen (32) was used on the assumption that the epsilon boundary anomaly and the gamma peak are represented by symmetrical curves. This is not entirely satisfactory since there is usually uncertainty in locating the maximum ordinate of the gamma peak. The junction of the alpha 1 and albumin peaks is somewhat variable, so that an arbitrary but consistent procedure was used. The trailing edge of the albumin peak was continued in a symmetrical fashion to the base line and the alpha i peak measured between this curve and the neighboring perpendicular. Since the separation of the individual alpha peaks is quite arbitrary and since these components appear to vary simultaneously in the present experiments, we have in the following tables not listed these components separately but have included as a single component all those fractions migrating between the albumin and beta globulin peaks.
We have on several occasions compared the plasma patterns with those of serum from the same dog. Serum patterns still showed a so called fibrinogen peak, but its area was reduced by a variable amount when compared with the corresponding peak in the plasma pattern. The addition of an excess of thrombin to one of these serum samples did not produce any more fibrin, so that it seems probable that a large portion of this peak is contributed by adjacent components. All concentrations given for fibrinogen are therefore too high, and some of the changes in fibrinogen concentration are due in part to changes in other components, probably beta or gamma globulins.
EXPERIMENTAL OBSERVATIONS
Estimates have been made of the magnitude of some of the uncertainties introduced by the above considerations. It has been found that repeated planimetry by different observers on the same photographic enlargement with * In this and all following tables B peaks are measured on ascending boundaries. All other peaks are measured on descending boundaries. the peaks drawn in the manner described yields results which agree within +2 per cent for individual peaks and total area. In Table 1 are shown results obtained by deliberately drawing the peaks on a given enlargement in such a way as to introduce the greatest reasonable error of interpretation. It will be noted that the maximum divergence is encountered in defining the areas of the beta, fibrinogen, and gamma peaks while lesser errors are involved in the measurement of albumin and alpha globulins. In practice, the variations are considerably smaller than those indicated in Table 1 since a standardized interpretation of the peak limits is used and since in a given dog the peaks tend to retain somewhat the same shape and relationships.
The uncertainties, due to lack of knowledge of specific refractive increments, involved in the conversion of electrophoretic areas to more conventional concentration expressions have been discussed by Longsworth (15) . In the present studies we have converted areas to concentrations in grams per cent by applying to the enlarged patterns of a group of normal dogs the followingempirical relationship:
where C is the concentration in grams per cent, A is the total planimeter area of the pattern, E is the enlargement factor, 2 is the dilution factor, and k is a constant.
When C is given the values of the chemically determined total protein concentrations for a group of normal dogs, an average value of 0.39 is obtained for k.
By applying this value of k to the patterns of other normal dogs, values of C are 1.67 obtained which agree within +4 to 5 per cent with the chemically determined protein concentrations ( Table 2 ). The total concentration is then divided among the individual components according to the fraction of the total area which they contribute. This procedure, of course, assumes the same specific refractive increment for all components, and also assumes that the refractive increments of all components are constant. The first of these assumptions is certainly invalid (2), the second probably so. The procedure has the definite advantage, however, of giving some measure of the extent to which these assumptions are not met, since lack of correspondence of electrophoretic and chemical concentrations may properly be ascribed to failure of the assumptions. We have noted wide discrepancies in these values in certain abnormal plasmas, and the matter is at present being further investigated.
The excellent agreement of Table 2 we believe indicates only that in normal dogs, the relative concentrations and the composition of the various electrophoretic components are sufficiently constant so that the calculation does not reveal the errors involved in these assumptions.
Many reasons, which need not be discussed here, suggest that the various peaks in the patterns of normal dog plasma represent components similar to those in human plasma. Fig. 1 represents ascending and descending boundaries of normal dog plasma, normal human plasma, and a mixture of equal parts of dog and human plasma. Dog albumin has a slightly higher mobility than human albumin and in the mixture travels as a partially separated peak.
The range of variation encountered in the plasmas of normal dogs is shown in Table 2 . Also shown is the lack of correspondence between the albumin and total globulin fractions determined by electrophoresis and those determined by fractionation with 22 per cent sodium sulfate. In both instances the results are comparable with those reported for human plasma (7, 19) . Table 3 records results obtained in the analysis of plasma from the same dog in the normal state at widely separated times. In spite of the considerable variation in total protein concentrations in dogs 43-374 and 43-327, the relative concentrations show some tendency to vary simultaneously. The data of Tables 1 to 3 are of aid in interpreting the data now to be presented.
The following tables present observations on the regeneration of the plasma proteins of five dogs subiected to acute plasmapheresis in varying degree. Concentrations are expressed both as grams per cent (Tables 4, 5 , and 6) and as per cent of the initial electrophoretic area (Tables 4-a, 5-a, and 6-a).
In dog 43-225, a large animal (see Tables 4 and 4 -a and experimental history), a total exchange of 1215 cc. of blood reduced the chemically determined plasma protein concentration by only 1.7 gm. per cent (compare initial and 1 hour samples). Because of difficulty due to clotting in the arterial cannula, the bleeding in this dog was somewhat prolonged, requiring 32 minutes. It might be argued that the relatively high level of alpha globufins apparent 32 minutes after the initiation of bleeding suggests a rapid inflow of this fraction into the circulation from tissue reserves. No such rapid inflow of alpha globulins is noted in other dogs and no satisfactory conclusion can be drawn on the basis of this single observation.
Hematocrit values indicate little change in blood volume during the initial 24 hours of regeneration, while the dog was fasted. It may thus be calculated that in this period approximately 10 gin. of plasma protein was restored to the circulation. A persistent relative increase in alpha globulins is apparent and is accompanied by a relative elevation of beta globulins. Because of a somewhat slower rate of restoration of fibrinogen and gamma globulins, however, the ratio albumin/total globulin for the electrophoretic components during this time shows little alteration. Hemodilution is apparent in the lowered total protein and hematocrit values of the 2nd day. Throughout the next 37 days, while the dog received the liver basal diet, total protein concentration Throughout the entire period of recovery, alpha and beta globulins range ahead of other components, the beta fraction showinu a slight absolute elevation over initial levels from the 3rd to the 16th day. Fibrinogen values are normal after the 11th day while gamma globulins and albumin return to initial concentrations more slowly. It may be noted that with the disturbance of relative concentrations in the early phases of regeneration, the close correspondence of electrophoretic and chemical total protein concentrations is lacking, while the return toward normal patterns is again associated with excellent agreement. Of some practical interest is the demonstration that within the range encountered in this experiment, alterations in albumin/total globulin ratios are fairly well indicated by the chemical fractionations. Dog 43-225. An adult German Shepherd male was vaccinated 3 months before plasma. pheresis. For 1 month before depletion he was fed a kennel diet to which a daily supplement of 100 gin. of cooked pork liver was added. During this time rather large blood samples were drawn on several occasions to determine the effect of various anticoagulants on the eleetrnphoretic patterns. On the day of depletion the dog weighed 23.7 kilos, and had a blood volume (Evans' blue dye method) of 2140 ec. After cannulation of the left femoral artery and vein, the dog was bled a total of 1215 co. with the simultaneous return of 1180 co. of red cell-Locke's suspension with hematocrit value of 52.7 volumes per cent. Bleeding was hindered by some clotting in the arterial cannula and required a total of 32 minutes for completion. The dog was in excellent condition throughout the exchange and there was no delayed shock. The dog drank water freely for the first 24 hours and ate the liver basal diet well thereafter. On the 38th day the weight was 24.1 kilos.
Dog 43-355 (Tables 4 and 4 -a) is of considerable interest because infection complicated the regeneration period. The degree of depletion was comparable with that in the preceding dog, but an extensive inflammatory process involved the intrahepatic biliary tree and adjacent liver parenchyma. Initial electrophoretic patterns on this dog (Fig. 2) were somewhat abnormal, showing un- usually large and only partially separated beta and fibrinogen peaks. The significance of this abnormality was not appreciated at the time of plasmapheresis. As in the preceding experiment, alpha globulins are restored rapidly, attaining their initial concentration during the 24 hour fasting period and remaining elevated during the next 28 days. Throughout the fasting period, restoration of albumin again keeps pace with that of total globulin. The apparent relative increase in gamma globulin in the final sample of the bleeding is probably due to difficulty in accurately separating the gamma and fibrinogen peaks in this abnormal pattern. Beta globulin and fibrinogen peaks are poorly separated in most of the patterns of this experiment ( Fig. 2) and cannot be measured separately. The combined concentration of beta globulin and fibrinogen is abnormally high throughout the experiment (compare Table 2 ), although their rate of regeneration during the first 11 days relative to initial levels lags behind both albumin and total globulin. The total protein concentration returns to normal during these 11 days. On the 29th and 38th days beta globulin and fibrinogen constitute 45.4 per cent and 56.6 per cent of the total electrophoretic area (Fig. 2) . A chemical fibrinogen determination on the 29th day amounted to 1.040 gm. per cent, indicating on calculation that approximately 68 per cent of this peak is composed of beta globulin. Associated with this abnormally high beta globulin-fibrinogen peak is a persistent reduction in albumin levels. A considerable discrepancy between chemical and electrophoretic concentrations is again noted.
Experimerdal History---Tables 4 and 4-a.
Dog 43-355. An adult male mongrel Spitz weighed 11.6 kilos and appeared healthy after 2 weeks on a liver-supplemented kennel diet. The dog was bled 830 cc. from the left femoral artery with return of 810 cc. of red cell-Locke's suspension with hematocrit of 53.6 volumes per cent (estimated blood volume 1100 cc.). Bleeding time was 7 minutes and bleeding was discontinued when the pulse became somewhat thready. The dog went into mild shock and vomited once but drank water freely and appeared well after 2 hours. Beginning on the 2rid day the liver basal diet was fed and consumed completely. The dog continued to appear well but, with developing abnormalities in the electrophoretic pattern, was sacrificed on the 38th day. Autopsy revealed a diffuse, acute, and chronic cholangitis and periportal hepatitis which in areas had a granulomatous character. Small loci of hronchopneumonia were also present.
• Blood volume on the day of autopsy was 1060 cc. (Evans' blue dye).
The data of Tables 5 and 5 -a represent experiments in which more severe depletion of plasma protein was accomplished by acute plasmapheresis. In dogs 43-374 and 43-380 (Fig. 3) , approximately 50 per cent reduction in plasma proteins resulted from large exchanges. With these marked disturbances there is again associated failure of the empirical relationship between electrophoretic and chemical concentrations. In both dogs a rapid restoration of alpha and beta globulins is noted, both in the fasting period and on the liver basal diet. The tendency of tissue reserves to maintain a constant electrophoretic albumin/ total globulin ratio is again apparent, although some drop occurs within the first 24 hours in dog 43-380. The failing ratio in the later stages of recovery, and the failure of albumin to regain initial levels in 21 and 28 days in spite of normal total protein concentration in 6 to 9 days is striking. Fibrinogen levels show marked lability not noted in dog 43-225. Tables 5 and 5-a. Dog 43-374. An adult male mongrel terrier was vaccinated 6 weeks before depletion and weighed 14.3 kilos after 2 weeks on a liver-supplemented kennel diet. Blood volume (Evans' blue dye) on the day of plasmapheresis was 1360 cc. The left femoral artery was cannulated and 1410 cc. of blood removed while 1390 cc. of red cell-Locke's suspension with hematocrit value of 54.6 volumes per cent was run into the cannulated femoral vein. The dog went into mild shock at the end of the bleeding time of 10 minutes, but appeared normal in 2 hours. At 24 hours the liver basal diet was started and was completely eaten throughout the experiment. On the 4th day a small fluctuant area was noted at the site of previous vaccination in the left flank. On the 6th day this area was drained of a small amount of serous fluid from which no bacterial growth could be obtained. The area healed rapidly, the dog remained well, and on the 21st day weighed 14.7 kilos. Experimental History-- Tables 5 and 5-a. ]Dog 43-380. An adult male Shepherd was vaccinated 3 months before plasmapheresis. On fhe day of depletion weight was 12.7 kilos and the estimated blood volume was 1200 cc. The dog was bled 1500 cc. with return of 1500 cc. of red cell-Locke's suspension with hematocrit of 56.4 volumes per cent. Bleeding time was 9 minutes and the dog was in good condition throughout the exchange. Water was well taken for 24 hours and thereafter the liver basal diet was completely consumed each day. Slight edema developed in the operated leg on the 2nd day. It gradually subsided by the 6th day. Except for some obvious discomfort in this leg, the dog appeared well throughout the experiment.
Experimental History---
In dog 43-404 (Fig. 4, Tables 6 and 6a ) the postdepletion period was complicated by a hemolytic reaction (see experimental history). Some retardation of beta globulin restoration is apparent on the 4th day, but alpha globulins again attain normal levels within 24 hours and remain considerably elevated thereafter. The hemolytic reaction occurred on the 2nd day, but no marked effect on the electrophoretic pattern is seen until after the 4th day, when the gamma globulin peak is elevated. Albumin levels remain low even on the 41st day after depletion. Tables 6 and 6 FzG. 4 . Electmphorefic patterns d u n g recovery from severe acute plasma protein depletion complicated by hemolytic reaction.
Expoimen!al History--
dye method was 620 cc. The dog was bled 1080 cc. from the left femoral artery while 1050 cc. of red cell-Locke's suspension with hematocrit of 51.2 volumes per cent was introduced into the femoral vein. Mild shock developed at the end of the bleeding and was accompanied by diarrhea. At the end of 4 hours the dog appeared stronger and was drinking water freely. At 24 hours the liver basal diet was started and was completely consumed throughout the period of regeneration. On the 2nd day, because of a somewhat low hematocrit, the dog was given 110 cc. of red cells in Locke's solution by vein. No untoward reaction was noted during the injection or on the next 2 days. On the 3rd day following the injection, however, the urine became dark and the plasma icterus index rose to 15. Two days later there was slight icterus of the sclerae and mucous membranes and the hematocrit fell to 14.6 volumes per The values presented in Tables 4, 5 , and 6 represent consecutive analyses during continuous experiments in a few dogs. In such experiments we place emphasis upon the general trends apparent in successive determinations. Single unsupported observations do not receive a place in the conclusions drawn here.
DISCUSSION
W h i l e m a n y a s p e c t s of p l a s m a p r o t e i n m e t a b o l i s m h a v e b e e n e x t e n s i v e l y s t u d i e d in t h e dog, e l e c t r o p h o r e t i c studies of dog p l a s m a p r o t e i n s h a v e n o t b e e n reported. In spite of the rather poor separation of the beta, fibrinogen, and gamma peaks, and minor differences in regard to alpha globulins, the essential similarity of the patterns of dog and human plasma in veronal buffer at pH 8.5 is apparent in Fig. 1 . Patterns of normal dogs and successive analyses in the same dog (Tables 2 and 3 ) indicate a range of variation no greater than that reported for human plasmas (7, 24) . Suitably designed experiments in the dog may thus prove applicable to problems of general interest in plasma protein metabolism and may be of aid in studying some of the interesting pathological Constant plasma protein concentration in the normal animal reflects a steady state between tissue proteins on the one hand and plasma proteins on the other (12, 23, 35) . In plasmapheresis experiments we disturb the steady state and observe the process of its restoration toward normal. Changes in concentration may be produced by alteration either in the rate at which protein enters or leaves the circulation or by changes in plasma volume. In the present experiments we are concerned less with changes in total protein concentration than with differences in concentration of the various electrophoretic constituents. Alterations in plasma volume do not directly affect such concentration differences, but the rate at which the various fractions leave the plasma has an important bearing. It may be pointed out, therefore, that the rates at which original concentrations of plasma protein fractions are restored in these rapid depletion experiments do not indicate directly rates of synthesis from dietary protein or from tissue reserves of protein or protein-building materials. Rapid turnover of a given component may mask a rapid rate of production. Limited data are available, however, to indicate that rates of turnover are not widely different for various plasma proteins. Whipple and Madden (35) have pointed out that the maintenance of nitrogen balance by the intravenous administration of homologous plasma in the protein-fasting dog is not accompanied by any significant alteration in albumin-globulin ratio as determined by Howe's method of fractionation. This suggests that both plasma albumin and total globulin are used freely, and in proportion to their concentrations, in the satisfaction of cellular protein requirements. Fink et al. (9) have calculated that the rate of loss from the serum of labeled antibody in rabbits (13, 29, 30) is similar to that which they have reported for the labeled proteins of whole plasma in the dog. These data suggest that in the experiments reported here the observed differences in the rates of reappearance or restoration of the various fractions may be related to differences in the rates of synthesis of these components.
During the fasting periods there is clear indication that tissue reserves support the regeneration of all plasma protein constituents which can be identified by electrophoresis. The rapid rates of restoration of alpha and beta globulins are of considerable interest, since little is known of the physiological activity of these globulins, in contrast to fibrinogen and gamma globulins. We have evidence, to be the subject of a later report, that the divergence of electrophoretic and chemical concentrations previously referred to is due at least in part to the lipid materials associated with these proteins. Of some interest in this connection is the disappearance of the beta anomaly in the descending patterns of the dogs in the immediate postbleeding period (Figs. 3 and 4) . The r61e of these globulins in the transport of lipid materials may be of considerable importance in the nutritive functions of the plasma. Such proteins may reasonably be suspected of possessing distinctive properties in regard to their activity in the lipoprotein complex of cell boundaries. There is no clear evidence that these rapidly restored components are marshalled from a reserve store of preformed plasma protein, since in no case does the rate of restoration appear rapid enough to exclude the possibility of extensive synthetic processes concerned with the modification of intracellular protein. In unpublished experiments in this laboratory such synthetic processes have been shown by heavy isotope labeling to produce much plasma protein from dietary protein within 24 hours.
We are interested in the suggestion from the data of Tables 4-a, 5 -a, and 6-a that in the acutely depleted dog a more rapid restoration of albumin levels occurs from tissue reserves than from dietary protein but these data, particularly in regard to total turnover of the individual fractions, are too meager to justify lengthy consideration of this point. More prolonged fasting periods may be expected to give additional information concerning the potentialities of tissue reserves. It will suffice to point out that in dogs 43-225, 43-374, and 43-380 albumin levels remain below the initial values for 2 to 3 weeks after the initial total protein concentrations have been regained. The level of protein feeding in these experiments (2 gin. per kilo of body weight) is not, however, sufficient to support the maximum production of new plasma protein of which the dog is capable. Moreover, the samples of blood taken for analysis were probably large enough to lengthen the period of complete recovery from the acute depletion.
The effect of the cholangitis and hepatitis occurring in dog 43-355 requires comment. There is definite indication of a retarded rate of restoration of albumin associated with these abnormalities of the liver. Under the conditions of stress obtaining in these experiments such retardation may reflect a diversion of potential albumin precursors into the production of the abnormally large concentrations of beta globulin and fibrinogen. In the first few days of the postdepletion period in this dog, however, the relative rates of restoration of beta globulin and fibrinogen were not very rapid, and the large peak shown in the lowermost pattern of Fig. 2 required 38 days for its development. We do not know whether this peak represents normal or abnormal protein, or whether the accumulation of these components in the plasma is caused by an increased production or a decrease in the rate of their removal from the plasma.
SUMMARY
Electrophoretic patterns of normal dog plasma in veronal buffer at pH 8.5 are shown to be essentially similar to patterns of human plasma. Dog albumin has a higher mobility than human albumin and in a mixture of dog and human plasmas migrates as a partially separated peak. Normal dog plasma frequently shows four alpha globulin peaks.
Rates of restoration of plasma protein components in dogs subjected to acute plasmapheresis have been studied by electrophoresis. During the first 24 hours following such acute depletion, appreciable quantifies of all electrophoretic components of the plasma proteins enter the circulating blood stream even when food is not given and has not been given for 12 hours before plasmapheresis. In such fasting periods albumin and total globulin appear in approximately the proportions present in normal plasma. Alpha and beta globulins continue relatively elevated during subsequent days in which caloric and protein intakes are adequate for weight and nitrogen gains. Initial albumin levels, however, are regained more slowly than those of total globulin.
The relative proportions of the electrophoretic components of plasma pro-teins may be disturbed from normal following a single acute depletion for as long as 2 to 3 weeks after the total protein level has returned to normal. Abnormally high beta globulin and fibrinogen, but a low albumin, were found in a dog with an acute and chronic cholangitis and hepatitis. Similar elevation of gamma globulin was noted in a dog in which a hemolytic reaction occurred.
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